Belonging to a group stretches beyond the satiation of immediate social needs, fulfilling the overarching purpose of promoting survival ([@nsw134-B107]; [@nsw134-B21]; [@nsw134-B91]; [@nsw134-B66]). Aside from helping establish a personal identity and boosting self-esteem, groups have long been thought to promote behavior aimed at achieving shared desired outcomes, facilitate information and resource sharing, and afford individuals greater protection from predators ([@nsw134-B4]; [@nsw134-B107]; [@nsw134-B23]; [@nsw134-B102]; [@nsw134-B19]; [@nsw134-B101]). The benefits of group membership confer such important survival benefits to humans that group affiliation and in-group preferences emerge very early in development and have been observed in every culture studied on earth ([@nsw134-B22]; [@nsw134-B1]; [@nsw134-B39]; [@nsw134-B40]). Although the tendency for group aggregation, and subsequent importance of group membership, is not unique to humans ([@nsw134-B91]), humans do display greater in-group favoritism than other non-human primates ([@nsw134-B24]). These findings imply that the significance of group membership in humans should be conserved cross-culturally and throughout the life-span. However, empirical evidence suggests otherwise, revealing cultural variations and developmental fluctuations in the importance of group affiliation ([@nsw134-B92]; [@nsw134-B79]; [@nsw134-B108]; [@nsw134-B40]; [@nsw134-B42]; [@nsw134-B11]). These variations remain puzzling given the importance of groups to human survival. In this study, we examine changes in neural sensitivity to group membership in childhood and adolescence to better understand the dynamic nature and shifting psychological significance of social groups across development.

Developmental changes in the significance of groups
===================================================

Infancy and childhood
---------------------

For young children and infants, groups help make sense of the different roles and categories that populate the social world, helping distinguish between friends and foes ([@nsw134-B65]; [@nsw134-B95]; [@nsw134-B10]; [@nsw134-B72]; [@nsw134-B125]; [@nsw134-B110]; [@nsw134-B57]). Children utilize groups to facilitate future learning about social category concepts, supporting the premise that group membership allows children to rapidly learn information crucial to navigating their social world ([@nsw134-B11]). Young children assume that out-groups are more likely to be hostile than friendly and become aware that in-group members are sources of support and nourishment ([@nsw134-B71]; [@nsw134-B57]). This evidence, taken along with findings that young children are biased to remember threatening social stimuli ([@nsw134-B70]; [@nsw134-B9]), suggests that children may display heightened vigilance towards outgroup members as a means to monitor threat.

In spite of out-group vigilance, infants and children also display in-group preferences. Early conceptions of morality appear to be contingent upon group membership and are ostensibly driven by in-group biases (see [@nsw134-B53]). Despite that infants normally favor those who exhibit prosocial behavior, they also prefer individuals who harm dissimilar others ([@nsw134-B54], [@nsw134-B55], [@nsw134-B56]). Moreover, infants' expectations are violated when in-group members fail to display pro-social behavior to one another, such as when they hinder a fellow in-group member who needs assistance ([@nsw134-B7], [@nsw134-B8]). The trend of in-group favoritism persists throughout childhood as individuals endorse in-group favoritism and retain negative conceptions of out-group members ([@nsw134-B14], [@nsw134-B15]). Thus, group affiliation and its associated biases in infants and children influence their understanding of the world, imparting them with information necessary for basic social functioning. Infants and children come to expect in-group members are readily available to provide help and may display increased vigilance towards out-group members to track potential sources of social threat.

Adolescence
-----------

Although group preferences may emerge at a very young age, evidence suggests the value and meaning of group belonging changes across development. Although individuals of all ages have demonstrated in-group favoritism---even within arbitrary groups---adolescents appear to be more sensitive to group affiliations and their accompanying social identities than both children and adults ([@nsw134-B106]; [@nsw134-B20]; [@nsw134-B78]; [@nsw134-B2]; [@nsw134-B115], [@nsw134-B116]; [@nsw134-B93]). Indeed, adolescents focus on the social aspects of their identity more so than children, and in some instances more than adults ([@nsw134-B78]; [@nsw134-B61]; [@nsw134-B109]). For example, peer groups aid in establishing adolescents' social and personal identity, with adolescents relying more on the opinions of others when constructing their self-construals ([@nsw134-B23]; [@nsw134-B93]). Moreover, group membership offers an avenue of social support, conferring benefits to adolescents' psychological and physiological health ([@nsw134-B26]; [@nsw134-B67]). Though group membership is important at all stages of development, in-groups become even more important for youths' social identity upon reaching adolescence, suggesting that group identity is subject to psychological and motivational changes across development.

Furthermore adolescence in rodents, primates, and humans is marked by a social restructuring that renders increased orientation towards peers (Nelson *et al.*, 2016). This social reorientation is thought to be mediated by alterations in brain development ([@nsw134-B18]). In particular, neural regions involved in affective and salience processing \[e.g. amygdala, ventral striatum, orbitofrontal cortex (OFC)\] show heightened activation to social stimuli among adolescents compared with children or adults, suggesting that adolescents may be particularly sensitive to socioemotional stimuli and may explain their unique attunement to social evaluation ([@nsw134-B87]; [@nsw134-B89]; [@nsw134-B48]; [@nsw134-B58]). Moreover, neural regions considered part of the "social brain" that are involved in mentalizing or taking the perspective of others \[e.g. medial prefrontal cortex (MPFC), temporoparietal junction (TPJ); [@nsw134-B16]\] show greater activation during adolescence compared to adulthood ([@nsw134-B122]; [@nsw134-B25]; [@nsw134-B17]; [@nsw134-B50]; [@nsw134-B120]). Together, neuroscience research underscores how developmental changes in affective and social cognitive brain regions likely play an important role in directing adolescents' attention towards social stimuli and increasing the salience of peer groups.

Neural correlates of social identity
====================================

Research has identified a network of brain regions implicated in social identity (see [@nsw134-B31] for a review). Specifically, the amygdala and fusiform gyrus are important in understanding the psychological significance of groups (e.g. [@nsw134-B115], [@nsw134-B116]). Originally considered to sit at the center of a neural network processing threat ([@nsw134-B37], [@nsw134-B38]; [@nsw134-B76]), the amygdala has been reconsidered to belong to a neural detection network that is sensitive to a broad range of salient stimuli ([@nsw134-B121]; [@nsw134-B35]). Evidence suggests that the amygdala may capture and direct attention towards noteworthy stimuli, especially emotional ones ([@nsw134-B34]; [@nsw134-B5]; [@nsw134-B35]).

The amygdala has been consistently implicated in intergroup processes in both adult and developmental populations ([@nsw134-B115]; [@nsw134-B111], [@nsw134-B112]). In particular, the amygdala appears to be sensitive to contextual differences that affect the motivational significance and salience of stimuli. For instance, the amygdala is sensitive to African American faces in adults when race is the emphasized and salient category ([@nsw134-B77]). Yet, when adults are assigned to a mixed-race, novel group, the amygdala is sensitive to novel group members, irrespective of race. A similar phenomenon has also been documented across development wherein the amygdala responds preferentially to certain social categories (e.g. gender or race) as a function of their developmental significance ([@nsw134-B111], [@nsw134-B112]). Thus, the amygdala is biased to respond to stimuli rendered motivationally significant by contextual factors, including those that wax and wane in salience across development. Because the meaning and function of social groups change across development, and given the amygdala's sensitivity to contextual factors which influence the salience of social stimuli, we expect amygdala reactivity to in- and out-group members to vary with age depending on the meaning of groups.

The fusiform gyrus is another key brain region involved in social perception. The fusiform is implicated in face recognition and categorizing a stimulus as social compared with non-social ([@nsw134-B69]; [@nsw134-B63]; [@nsw134-B96]). Because shared social identities appear to alter the depth with which one processes faces ([@nsw134-B103]; [@nsw134-B68]), the fusiform may be recruited when viewing in-group relative to out-group faces. Indeed, adults show heightened fusiform activation to in-group faces ([@nsw134-B115], [@nsw134-B116]), and adolescents show heightened fusiform activation when receiving positive feedback from peers ([@nsw134-B49]), suggesting that group membership facilitates deeper processing of faces.

Because individuals value group belonging and fellow in-group members, group membership also activates brain regions involved in reward valuation ([@nsw134-B20], [@nsw134-B21]; [@nsw134-B12]). The ventral striatum and OFC, which encode for and represent subjective value ([@nsw134-B73]), tend to be activated when perceiving and favoring in-group members ([@nsw134-B115]; [@nsw134-B113]). Further, adolescents show heightened ventral striatum activity both when receiving acceptance feedback from peers ([@nsw134-B49]) and when making risky decisions in their presence ([@nsw134-B29]). This research highlights the subjective value of fitting in and belonging to a group.

Since children use social group membership as a means to learn important information about the world, they may be more inclined to display increased vigilance towards out-group members as a means to monitor social threat, even though they still value in-group members. By contrast, adolescents, who are in the process of crafting an identity ([@nsw134-B83]), may be more concerned about others' perspectives as they relate to their membership in a group. We propose that brain regions implicated in mentalizing and theory of mind processes may be subject to developmental changes in their sensitivity to social group stimuli. Successfully navigating group environments requires at least an implicit ability to better recognize and attribute psychological agency and autonomy for in-group relative to out-group members. As such, mental state reasoning (i.e. mentalizing) and theory of mind may be recruited more when viewing in-group relative to out-group members (see [@nsw134-B51]). If children are concerned with monitoring social threat, it stands to reason that they may be more inclined to anticipate or infer the intentions and mental states of out-group members. Conversely, adolescents, who are highly sensitive to others opinions (Somerville *et al.*, 2013), are likely to be more inclined to infer the mental states of in-group members, especially in a context in which group belongingness and a shared group identity are emphasized. Such mentalizing processes are facilitated by activation in the dorsomedial prefrontal cortex (DMPFC), especially when processing in-group relative to out-group targets ([@nsw134-B85]; [@nsw134-B97]; [@nsw134-B86]). Moreover, structural connectivity between the TPJ and DMPFC predicts differences in intergroup bias ([@nsw134-B13]). Thus, neural regions implicated in perspective taking and mentalizing are robustly involved in intergroup processes, and we expect to see these regions come online in a developmentally appropriate fashion.

Methods
=======

Participants
------------

Participants included 56 children and adolescents (30 female), ages 8-16 years (*M*~age~*=* 13.3 years, SD *=* 2.81 years). Power was determined using GPower ([@nsw134-B44]). Because such a study had not been previously conducted in children or adolescents, we used the conventional approach to assume a medium effect size. When using an estimated effect size of 0.5, an n of 55 would be needed to obtain statistical power (1−β) of 0.9. Participants self-identified as White (*n=* 41), Black (*n=* 4), Asian (*n=* 3), Latino (*n=* 2) or mixed race (*n=* 6). Based on parental report, participants' total family income ranged from less than \$45,000 (*n=* 11) to greater than \$90 000 (*n=* 29). Parents provided written consent and children provided written assent in accordance with the University of Illinois' Institutional Review Board. Participants were compensated \$50 for participating.

Establishment of novel in-group membership
------------------------------------------

Participants arrived in the lab one at a time and were told that they would be on a team representing the 'University of Illinois' and that they would take part in a competition with research participants from the 'Ohio State University', a rival university. To make group membership salient, participants were given a t-shirt with the lab logo in their team's colors (blue and orange), and a digital photograph was taken ([Figure 1a](#nsw134-F1){ref-type="fig"}). The researchers also wore the same t-shirt to increase the salience of team membership. Participants were shown a picture of rival university members receiving their t-shirts, which were scarlet and grey ([Figure 1b](#nsw134-F1){ref-type="fig"}). Notably, none of our participants were members of either university, helping ensure our results would not be driven by differences in preexisting university affiliation. During a learning task, participants were shown pictures of in-group and out-group team members (totaling 72 peers), who were described as participants who had already completed the study. Each face was displayed in random order, one at a time, with a label at the bottom indicating 'my team' and 'other team'. Participants were instructed to press one of two buttons to indicate the correct team of each peer ([Figure 1c](#nsw134-F1){ref-type="fig"}). Photos were placed on blue (representing in-group) or red (representing out-group) backgrounds to provide a visual cue of team membership. Participants also saw their own face two times on the colored background and categorized themselves into the appropriate team in order to enhance their in-group identification.

![Group membership task. **(a)** participant is told they will be part of a competition between two research teams at different universities, is assigned to their team, provided a t-shirt with the team colors and logo, and a photo is taken, **(b)** participant is introduced to the rival team from Ohio State, **(c)** participant completes a short learning task in which they categorize each face into their respective team, **(d)** during the fMRI scan participants rate each face on whether they like or don't like the person.](nsw134f1){#nsw134-F1}

The face stimuli were of children and adolescents ranging in age from 8 to 16 years. The faces were comprised of equal numbers of males and females and split equally between White, Black and Asian. All faces were looking into the camera and smiling. Faces were taken from several databases including the National Institute of Mental Health Child Emotional Faces Picture Set ([@nsw134-B41]). The faces of each race were matched based on pilot testing to ensure they were equally attractive (mean attractiveness *=* 4.1 for each race on scale ranging from 1 *=* 'not at all' to 7 *=* 'very much') and ranged equally in terms of perceived age (mean age *=* 5.7 for each race on a scale ranging from 1 to 9 (1 = '5 or younger', 5 = '12 or 13', 9 *=* '20 or older'). Faces were randomly assigned to the teams ensuring equal representation of race, gender and age across the teams, and assignment was fully counterbalanced so that participants were equally likely to see each face as an in-group or out-group member. This ensured that any visual differences in the stimuli (e.g. attractiveness, luminance) could not account for observed differences between in-group and out-group members.

fMRI task
---------

After completing the learning task, participants were placed in the scanner and completed an explicit evaluation task. For each trial of the task, participants were shown the same pictures as the learning task, this time with the instruction to indicate whether they 'like' or 'dislike' each person ([Figure 1d](#nsw134-F1){ref-type="fig"}). Participants pressed one of two buttons to indicate their response. The faces were presented on the color background representing team membership. Participants completed 72 total trials, half of which were in-group members and half of which were out-group members. Each face was presented for 3 s with an inter-trial interval that was jittered randomly between 1.5 and 3 s.

fMRI data acquisition and analysis
----------------------------------

***fMRI data acquisition*** **.** Imaging data were collected using a 3 Tesla Siemens Trio MRI scanner. The task included T2\*-weighted echoplanar images (EPIs) \[slice thickness = 3 mm; 38 slices; TR = 2 s; TE = 25 ms; matrix = 92 × 92; FOV = 230 mm; voxel size 2.5 × 2.5 × 3mm^3^\]. Structural scans consisted of a T2\*weighted, matched-bandwidth (MBW), high-resolution, anatomical scan (TR = 4 s; TE = 64 ms; FOV = 230; matrix = 192 × 192; slice thickness = 3 mm; 38 slices) and a T1\* magnetization-prepared rapid-acquisition gradient echo (MPRAGE; TR = 1.9 s; TE = 2.3 ms; FOV = 230; matrix = 256 × 256; sagittal plane; slice thickness = 1 mm; 192 slices). The orientation for the MBW and EPI scans were oblique axial to maximize brain coverage. ***fMRI data pre**processing and analysis***. Neuroimaging data were preprocessed and analyzed using Statistical Parametric Mapping (SPM8; Wellcome Department of Cognitive Neurology, Institute of Neurology, London, UK). Preprocessing for each participant's images included spatial realignment to correct for head motion (no participant exceeded 3 mm of maximum image-to-image motion in any direction). The realigned functional data were co-registered to the high resolution MPRAGE, which was then segmented into cerebrospinal fluid, grey matter and white matter. The normalization transformation matrix from the segmentation step was then applied to the functional and T2 structural images, thus transforming them into standard stereotactic space as defined by the Montreal Neurological Institute and the International Consortium for Brain Mapping. The normalized functional data were smoothed using an 8 mm Gaussian kernel, full-width-at-half maximum, to increase the signal-to-noise ratio.

Statistical analyses were performed using the general linear model (GLM) in SPM8. Each trial was convolved with the canonical hemodynamic response function. High-pass temporal filtering with a cutoff of 128 s was applied to remove low-frequency drift in the time series. Serial autocorrelations were estimated with a restricted maximum likelihood algorithm with an autoregressive model order of 1.

In each participant's fixed-effects analysis, a GLM was created with 12 regressors of interest, modeled as events: in-group and out-group peers broken down by race (Black, White, Asian) and gender (Male, Female). Null events, consisting of the jittered inter-trial intervals, were not explicitly modeled and therefore constituted an implicit baseline. The parameter estimates resulting from the GLM were used to create linear contrast images comparing the conditions of interest (in-group \> out-group). Random effects, group-level analyses were performed on all individual subject contrasts using GLMFlex. GLMFlex corrects for variance-covariance inequality, partitions error terms, removes outliers and sudden activation changes in the brain, and analyzes all voxels containing data (<http://mrtools.mgh.harvard.edu/index.php/GLM_Flex>). We conducted *t*-tests at the group level to examine overall differences in neural activation when processing group-status and race. In addition, we conducted whole brain regression analyses with age entered as the regressor to examine neural regions that showed increased activation as a function of age.

In addition, given the key role of the amygdala in directing attention to motivationally relevant stimuli ([@nsw134-B35]), we conducted functional connectivity analyses to examine whether the amygdala shows developmental changes in functional coupling with regions involved in face processing, reward value, and mentalizing. We conducted psychophysiological interaction (PPI) analyses ([@nsw134-B46]), using the amygdala as the seed region. The bilateral amygdala was defined structurally using the WFUpickatlas ([@nsw134-B82]). PPI analyses were run using a generalized form of context-dependent PPI. Specifically, the automated gPPI toolbox in SPM (gPPI; [@nsw134-B84]) was used to (i) extract the deconvolved times series from the amygdala ROI for each participant to create the physiological variables; (ii) convolve each trial type with the canonical HRF, creating the psychological regressor; and (iii) multiply the time series from the psychological regressors with the physiological variable to create the PPI interaction terms. This interaction term identified regions that covaried in a task-dependent manner with the amygdala. For the first level model, one regressor representing the deconvolved BOLD signal was included alongside each psychological and PPI interaction terms for each condition type to create a gPPI model. At the group level, we conducted random effect, whole brain regression analyses to examine developmental changes in functional coupling between the conditions of interest.

To correct for multiple comparisons, we conducted a Monte Carlo simulation implemented using 3dClustSim in the software package AFNI ([@nsw134-B123]). We used our group-level brain mask, which included only gray matter, and accounted for smoothing. Results of the simulation indicated a voxel-wise threshold of *P* \< 0.005 combined with a minimum cluster size of 48 voxels for the whole brain, corresponding to *P* \< 0.05, False Wise Error corrected. We ran all analyses with mean response time (MRT) as a covariate. Adding this covariate ensures that our developmental effects are due to age differences and not to differences in psychomotor speed (see Supplemental Materials for behavioral results with MRT). We used the MarsBaR toolbox to extract parameter estimates from significant clusters in the group-level analyses.

Results
=======

Behavioral ratings of in- and out-group peers
---------------------------------------------

As a manipulation check, we first examined whether participants would express in-group favoritism on self-reported liking. We conducted a three-way repeated-measures ANOVA on self-reported liking (percent liked) with two within subject factors representing the face stimuli (group status: in-group, out-group; race: Black, White, Asian) and age as a covariate. As predicted, we found a significant effect of group status \[*F*(1,54) = 37.4, *P* \< 0.0001, η = 0.31\], such that participants rated liking in-group peers (*M* = 70.3%, SE = 2.7%) more than out-group peers (M = 36.4%, SE = 3.5%). No other effects were significant (*P*s \> 0.1). Thus, regardless of participants' age or the race of the group member, participants reported liking in-group members significantly more frequently than out-group members. For descriptive purposes, we plotted the percent of peers who were rated as liked separated by group status, race, and age-group. We divided the sample into 3 age groups purely for descriptive purposes for plotting the behavioral effects (children: ages 8--10 years, *n* = 15; early adolescents: ages 11--14 years, *n* = 16; mid adolescents: ages 15--16 years, *n* = 25; [Figure 2](#nsw134-F2){ref-type="fig"}).

![Behavioral performance on the fMRI task. Participants rated liking more peers in their in-group than out-group, and this did not vary by the age of participants or the race of the stimuli. Error bars represent the standard error of the mean. For the sake of aiding visualization, participants are divided into three age groups along the x-axis, although it is of note that all analyses were conducted using age as a continuous variable.](nsw134f2){#nsw134-F2}

Developmental differences in the neural correlates of evaluating in-group relative to out-group members
-------------------------------------------------------------------------------------------------------

First, we conducted a whole-brain analysis to examine neural activation when rating in-group relative to out-group members across the whole sample regardless of age. Results of the contrast in-group \> out-group revealed only one significant cluster of negative activation (i.e. greater activation to out-group relative to in-group members) located in the right insula (*xyz* = 54, 14, −5; *k* = 48, *t* = 3.16, *P* \< 0.005 corrected).

Next, we conducted whole brain regression analyses to test whether there are differential neural responses to in-group relative to out-group members as a function of age. To this end, age was entered as a regressor on the contrast of in-group \> out-group faces. We found significant effects in several regions, such that participants demonstrated greater activation to in-group \> out-group members in the bilateral amygdala, bilateral fusiform gyrus, OFC, MPFC, MPPC and pSTS, as a function of age ([Table 1](#nsw134-T1){ref-type="table"}). Age was not associated with greater activation to out-group \> in-group members in any regions. Thus, we found developmental increases in neural activation from childhood to adolescence in regions that code for emotional salience (amygdala), face processing (fusiform), subjective value (OFC) and social cognition (MPFC, MPPC and pSTS) when rating in-group relative to out-group faces. For descriptive purposes, we plotted these individual differences ([Figure 3](#nsw134-F3){ref-type="fig"}). To this end, we extracted parameter estimates of signal intensity from each cluster of activation and plotted the age effects. Together, these neural effects suggest that the salience of in-group members changes across development, such that younger children show relatively greater activation to out-group faces (as evidenced by parameter estimates falling below the 0-point on the y-axis), and adolescents show relatively greater activation to in-group faces.

![With age, participants showed greater activation in the bilateral amygdala, left fusiform, OFC, mPPC, mPFC and pSTS to in-group relative to out-group faces. The x-axis denotes participant age and the y-axis represents parameter estimates of signal intensity to the contrast In-group \> Out-group.](nsw134f3){#nsw134-F3}

Table 1.Neural regions which correlated with age during In-group \> Out-group ratingsRegionBAxyztKFusiform37R32−52−84.2748Fusiform37L−30−34−264.721181^a^pSTS40L−48−43133.17^a^mPPC31L−9−4643.46^a^AmygdalaL−22−2−243.7194AmygdalaR24−1−293.49472^b^Temporal Pole38R3914−294.37^b^OFC32/24L−635−143.51169^c^IFG45L−3044−143.79^c^CaudateR21−10223.72105Parahippocampus27R18−31−143.5684Cuneus17L−9−85−53.55127CerebellumL−6−58−473.4851CerebellumR36−67−353.5661CerebellumR15−61−503.2051[^1]

Linking neural correlates of group membership to behavioral biases favoring in-group members
--------------------------------------------------------------------------------------------

Next, we examined how individual differences in behavioral in-group bias were associated with neural activation to in-group \> out-group faces. Behavioral biases were calculated as the difference in the percent of in-group members who were liked minus the percent of out-group members who were liked, such that higher scores represent a greater bias favoring the in-group. We regressed participants' in-group bias score against whole brain activation for the in-group \> out-group contrast while controlling for age. As detailed in [Table 2](#nsw134-T2){ref-type="table"} and [Figure 4](#nsw134-F4){ref-type="fig"}, in-group bias was significantly associated with increased activation to in-group relative to out-group members in the right amygdala, left fusiform, OFC, subgenual anterior cingulate cortex (sgACC) and bilateral TPJ. Importantly, the OFC, right amygdala, and left fusiform clusters overlapped with those reported in the age-related analyses described earlier.

![In-group bias is associated with greater activation in the right amygdala, subgenual ACC, bilateral TPJ, left fusiform and OFC to in-group, relative to out-group, faces. These effects control for age and MRT.](nsw134f4){#nsw134-F4}

Table 2.Neural regions which correlated with bias scores, while controlling for age, during In-group \>  Out-group ratingsRegionBAxyz*tk*Subgenual ACC25L−614−143.91273 ^a^OFC\*11L−641−173.13^a^Amygdala\*R272−263.15^a^Fusiform\*37L−63−49−113.8180TPJ39L−42−76253.94191 ^b^Precuneus31L−3−61313.29^b^TPJ39R54−58283.66118Precuneus7L−6−76465.16156Cuneus180−91224.2964CerebellumR6−67−384.75492 ^c^CerebellumL−15−64−353.75^c^CerebellumL−39−64−413.4850PallidumL−9−413.6148[^2]

Neural reactivity mediates age differences and in-group bias
------------------------------------------------------------

Given that similar neural patterns were found when examining age differences in neural activation as well as correlations with in-group bias, we examined whether age was associated with in-group bias via neural reactivity to in-groups. We extracted parameter estimates of signal intensity from the brain regions which showed overlap in activation to in-group relative to out-group members in the two sets of independent analyses (denoted by an asterisk in [Table 2](#nsw134-T2){ref-type="table"}). We calculated the magnitude and the significance of the indirect effects using the procedures described by Preacher and Hayes ([@nsw134-B94]), in which bootstrapping was performed with 1000 samples and a bias-corrected CI was created for the indirect effect. At a statistical threshold of α = 0.05 (i.e. 95% CI), the indirect effects of age on in-group bias through neural activation were significant for the amygdala, fusiform and OFC (see [Figure 5](#nsw134-F5){ref-type="fig"}).

![Activation in brain regions showing responses to In-group \> Out-group in both age and in-group bias regression analyses were found to significantly mediate age related increases in in-group bias. Estimates of parameter intensity were extracted from the OFC, right amygdala and fusiform. The values in the mediation paths represent the standardized coefficients. The indirect effect represents the effect of age through brain activation on in-group bias, calculated using PROCESS ([@nsw134-B94]). CI represents the 95% CI of the indirect effect.](nsw134f5){#nsw134-F5}

Age moderates the relationship between brain activation and in-group bias
-------------------------------------------------------------------------

In order to follow up and supplement our mediation analysis, we also ran moderation analyses in order to determine whether the association between neural reactivity to in-group members was conditional upon age. Using the same extracted beta values for the amygdala, OFC, and fusiform previously described in our mediation analyses, we tested for moderation by age. We centered age and neural activation, created an Age × Brain interaction term, and then entered these terms into a multiple regression with bias scores as the predicted outcome. We ran separate moderation analyses for each brain region. Results revealed that our interaction term was significant for the amygdala (*B* = 0.166, SE = 0.067, β = 0.634, *P* = 0.016), suggesting that amygdala reactivity to ingroup faces is conditional upon age. For descriptive purposes only, we split our sample into three age groups as previously described and ran correlations between bias scores and amygdala activation. Notably, only middle adolescents displayed a significant correlation between bias and amygdala activation (*r* = 0.628, *P* = 0.001), whereas children (*r* = 0.351, *P* = 0.183) and young adolescents (*r* = −.095, *P* \> 0.250) did not show a significant association. The interaction for the OFC and fusiform were not significant.

Neural connectivity with the amygdala
-------------------------------------

Finally, given our mediation results with the amygdala, we examined developmental changes in functional connectivity with the amygdala to in-group \> out-group members. Social perception systems in the brain are widely distributed and thought to be organized in networks ([@nsw134-B89]; [@nsw134-B119]). Moreover, the amygdala is thought to direct attention to important and noteworthy stimuli ([@nsw134-B5]; [@nsw134-B34]; [@nsw134-B35]). Therefore, we conducted PPI analyses in order to examine the extent to which the amygdala co-activates with regions involved in face processing, reward value, and mentalizing, thereby allowing insight into the developmental processes that shape social perception and evaluation. In our whole-brain PPI analyses, we entered age as a regressor and found developmental increases in connectivity between the amygdala and the ventral striatum, bilateral TPJ, MPPC and fusiform gyrus ([Figure 6](#nsw134-F6){ref-type="fig"}; [Table 3](#nsw134-T3){ref-type="table"}). Thus, with age, youth showed greater functional coupling between the amygdala and these neural regions when viewing in-group relative to out-group peers, suggesting a role of the amygdala in directing attention to motivationally relevant cues.

![Age-related increases in functional connectivity with the amygdala when rating in-group relative to out-group faces. Increased functional connectivity is found in the ventral striatum, TPJ and fusiform.](nsw134f6){#nsw134-F6}

Table 3.Neural regions which were functionally coupled with the amygdala and showed a correlation with age during In-group \> Out-group ratingsRegionBAxyz*t*kVentral StriatumR65−23.86306TPJ39R51−55284.0387TPJ39L−45−61193.7248pSTS40L−63−42193.7070Fusiform37L−36−46−113.33188^a^HippocampusL−24−3414.46^a^CaudateR1014104.38168Precuneus31R9−55193.96232IFG45L−5714193.6591IFG45R515283.5373[^3]

Discussion
==========

Groups are indispensible for survival to several species across the animal kingdom ([@nsw134-B4]; [@nsw134-B124]; [@nsw134-B91]). Humans in particular show in-group favoritism ([@nsw134-B24]), which emerges very early in development and persists from infancy through adulthood ([@nsw134-B7], [@nsw134-B8]; [@nsw134-B11]). However, evidence also shows fluctuations and nuances in this phenomenon and further hints at the possibility that groups adopt different meanings across life ([@nsw134-B108]; [@nsw134-B101]; [@nsw134-B40]; [@nsw134-B11]). We found that brain regions implicated in affect, reward and social cognitive processes show developmental changes in neural sensitivity to novel peer in-groups, providing evidence for a striking developmental switch in the significance of groups from childhood to adolescence. Moreover, developmental increases in neural activation mediated age differences in in-group favoritism. These neural and behavioral results reveal insight into the developmental changes that shape the shifting motivational importance of group membership across juvenile development.

From childhood to adolescence, participants showed linear increases in activation in the bilateral amygdala when rating in-group relative to out-group members. Although originally conceptualized as a threat detector ([@nsw134-B37], [@nsw134-B38]), recent work has suggested that the function of the amygdala may instead be to detect and direct attention to motivationally relevant stimuli ([@nsw134-B77]; [@nsw134-B34]; [@nsw134-B121]; [@nsw134-B35]). Importantly, the salience of different social identities may change in relevance depending on the context and developmental age of the individual (e.g. [@nsw134-B111], 2015b). Our findings provide evidence for a developmental shift in the salience of group membership, such that children displayed relatively greater amygdala activation to out-group faces, as evidenced by the scatterplot showing activational patterns below zero in the youngest children, and adolescents showing relatively greater activation to in-group faces. This finding, coupled with research showing that children are biased to remember threatening social displays ([@nsw134-B9]), substantiates the idea that out-groups may be more salient to children by virtue of their perceived capacity for social threat. In contrast, adolescents become increasingly motivated to learn about in-groups at a time in the lifespan when fitting in is of the utmost importance ([@nsw134-B101]). Thus, whereas young children may find out-groups salient, older adolescents may attend more to in-groups as a means of learning about an important social group. Indeed, the amygdala is involved in learning ([@nsw134-B88]) in addition to attending to interesting, salient, and important stimuli ([@nsw134-B27]; [@nsw134-B52]; [@nsw134-B111], [@nsw134-B112]). Importantly, amygdala activation was associated with in-group bias, suggesting that the amygdala is detecting socially salient values and attitudes. Moreover, results from our moderation analyses show that only middle adolescents, but not young adolescents or children, displayed a significant correlation between amygdala activation and in-group bias. This finding underscores adolescence as a particularly sensitive period for in-group biases, and further highlights the important role of the amygdala in intergroup behaviors.

Results of our functional connectivity analyses show developmental increases in connectivity between the amygdala and the bilateral TPJ, fusiform and ventral striatum when participants rated in-group relative to out-group peers. These are regions involved in social cognition, face processing, and reward processing, respectively ([@nsw134-B69]; [@nsw134-B73]; [@nsw134-B47]). Thus, the amygdala may be involved in the detection of meaningful and important stimuli and then alerts and directs attention to relevant brain regions to process the faces in further depth ([@nsw134-B116]; [@nsw134-B51]). Because PPI analyses do not specify the direction of an effect, another explanation is that brain regions involved in reward processing, face perception, and social cognitive processes first react to viewing novel in-group members and then trigger amygdala activation. Overall, these findings provide a novel and unique perspective on the role of the amygdala as a social-salience-detector that communicates with other brain regions, co-activation that increases linearly across development. More broadly, this also serves in characterizing the developmental plasticity of the brain in modulating the ability to process social cognitive stimuli to accommodate ever changing social demands across juvenile development.

In addition, we found age-related increases in fusiform activation when rating in-group relative to out-group peers. These findings are consistent with research on adults, which has shown that adults exhibit greater activation within the bilateral fusiform when viewing novel in-group relative to out-group faces ([@nsw134-B115], [@nsw134-B116]). Although the faces of all in- and out-group peers were matched and counterbalanced across participants to ensure neither group was visually more distinct than the other, the fusiform nevertheless showed strong differentiation between in- and out-group peers with age. Therefore, classifying faces along group boundaries may alter the depth with which faces are processed, and in-group belonging during adolescence may enhance encoding of in-group members, whereas out-group vigilance may contribute to enhanced processing of out-group members among younger children. These findings suggest that the amygdala may signal the importance of the social category, and the fusiform may come online to engage in deeper perceptual processing, individuating faces based on their psychological and motivational significance ([@nsw134-B116]).

Furthermore, we observed developmental increases in neural regions that code for and represent subjective value. In particular, youth showed developmental increases in OFC activation when rating in-group relative to out-group peers, and the ventral striatum showed developmental increases in functional coupling with the amygdala. Thus, viewing in-group members may activate brain regions involved in reward processing. This finding is consistent with prior work with adults, which has shown that individuals who favor novel in-group members show heightened OFC activity when viewing in-group relative to out-group members ([@nsw134-B115]), and rewarding in-group relative to out-group members engages the ventral striatum ([@nsw134-B113]). We also observed heighted activation in the sgACC, TPJ, amygdala, fusiform and OFC as a function of individual differences in in-group favoritism. These results are consistent with prior work showing that a greater orientation towards one's in-group is associated with heighted activation in networks involved in social perception ([@nsw134-B115]; [@nsw134-B116]) and mentalizing ([@nsw134-B30]), suggesting that biases favoring one's in-group are associated with richer encoding and more elaborate social cognition toward in-group faces.

At a time when the development of an identity is necessary for establishing an autonomous sense of self, groups become a source of social information for adolescents to sample from and build an identity, as evidenced by their reliance on other's opinions and perspective in crafting their self-construals ([@nsw134-B93]). Indeed we also found developmental increases in activation of the social brain network ([@nsw134-B18]; mPFC, mPPC, pSTS, TPJ) when viewing in-group relative to out-group faces. This neural recruitment highlights the psychological shift in motivational differences of processing group membership between childhood and adolescence. Our results suggest teens may be keener than children to process social cues from in-groups, lending support to the notion that the psychological importance of groups is different between adolescents and children. The increased orientation towards group membership and enhanced social identity development in adolescence results in greater processing of in-group mental states and perspectives. We interpret our findings as supporting a developmental shift in the meaning and salience of group membership that occurs between childhood and adolescence. Yet, this is only one possible interpretation for the results reported here. An intriguing consideration for future research is whether these findings are indicative of an adolescent emergent or adolescent specific developmental transition ([@nsw134-B28]). Although prior research has shown that adults also demonstrate heightened amygdala, fusiform, and OFC activation to in-group relative to out-group faces ([@nsw134-B115]), without adult comparisons in the same study, it is not clear whether adults' neural sensitivity to in-groups is similar to, greater than, or less than that of adolescents. If adults display comparable patterns of neural activation in response to in-group faces, it would support the notion that the psychological importance of group belonging and its neural underpinnings remain stable after adolescence (i.e. adolescent emergent phenomenon), further supporting the notion of a developmental shift occurring between childhood and adolescence. In contrast, if adults exhibit less neural sensitivity to in-group peers than adolescents, it would indicate that a potent orientation towards in-group peers is unique to adolescence, providing evidence for an adolescent-specific peak in the salience of group belonging. Future research with children and adolescents should include adult comparison samples in order to examine this question. Another consideration for future research is how the effects found here relate to actual behaviors. We only measured attitudes in this study and find that developmental changes in neural processing of groups predicts biases favoring one's ingroup. It is possible that such neural signals could have negative implications for intergroup dynamics such as social exclusion or biased resource distribution.

Interestingly, we did not find age effects in our behavioral analyses of in-group favoritism. Both children and adolescents consistently reported liking in-group peers more than out-group peers, a trend that did not vary with age. This may have been due to the nature of how we required participants to evaluate group members. By having participants indicate a categorical response (i.e. like/dislike) instead of rating likeability along a continuous scale, we alleviated task demands for our younger participants but also removed a source of variability within the data. Thus, although we did not find increased in-group bias across development, we did find an indirect pathway. Our findings show that age was associated with greater neural biases (i.e. differentiation in a set of brain regions to in-group \> out-group faces), and these neural biases were associated with behavioral biases favoring the in-group. This suggests that although group membership is important for individuals of all ages (e.g. [@nsw134-B39]; [@nsw134-B115]), it is likely that children and adolescents do not differ in who they like, but rather how much they like them and the psychological significance of that preference. This suggests there are important age-related changes in behavioral biases being driven by maturation in the developing brain. All age groups in our study indicated liking in-group peers more than out-group peers, yet adolescents' in-group preferences were differentiated from those of children by neural responses to social groups. Lastly, we note that although a direct effect from age to behavioral biases might be expected, this is not necessary for establishing statistically significant mediation, particularly in developmental studies that focus on more distal processes ([@nsw134-B80], [@nsw134-B81]; [@nsw134-B100]; [@nsw134-B64]; [@nsw134-B99]; [@nsw134-B126]). This is noteworthy because it emphasizes the role of the developing brain in shaping in-group biases. It implies that the functional architecture which supports social cognitive processes is sensitive to changes in the social environment over a protracted period of time.

In conclusion, adolescence and childhood are periods marked as having distinct psychological interpretations of group belonging. In particular, childhood is characterized by the need to understand how and why the world works, whereas adolescence is marked by the increased importance of group affiliation to fulfill developmental goals of establishing a social identity ([@nsw134-B83]; [@nsw134-B93]; [@nsw134-B11]). The latter occurs in tandem with a social reorientation of the teenage brain, a period of unique neural development during which brain regions involved in complex social processes undergo significant maturation ([@nsw134-B89]; [@nsw134-B18]). Together, our imaging data suggest a developmental shift in the psychological importance of groups across the first two decades of life and reveal the neurobiological substrates that underlie this process. As individuals develop nuanced conceptions about the world and engage in new developmental tasks, groups take on new meaning during adolescence.
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[^1]: *Note.* R, right; L, left; x, y and z, MNI coordinates; *t*, *t*-score at those coordinates (local maxima); IFG, inferior frontal gyrus; pSTS, posterior superior temporal sulcus; OFC, orbitofrontal cortex; mPPC, medial posterior parietal cortex. Regions that share the same superscript are part of the same cluster.

[^2]: *Note.* R, right; L, left; x, y and z, MNI coordinates; *t*, *t*-score at those coordinates (local maxima); ACC, anterior cingulate cortex; TPJ, temporoparietal junction; OFC, orbitofrontal cortex; Regions that share the same superscript are part of the same cluster. Brain regions here that overlap with those from the previous table are marked with an asterisk.

[^3]: *Note.* R, right; L, left; x, y and z, MNI coordinates; *t*, *t*-score at those coordinates (local maxima); TPJ, temporal parietal junction; IFG, inferior frontal gyrus; pSTS, posterior superior temporal sulcus; OFC, orbitofrontal cortex; MPPC, medial posterior parietal cortex. Regions that share the same superscript are part of the same cluster.
